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SNOW (PART II) 
Janet Morley 
St. Robert's Catholic School 
Gormley, Ontario 
Canada LOH 2GO 
Introduction 
In Snow (Part I), an exploration was made of the physical factors 
influencing the formation and deposition of snowcover. In this article, 
the physical properties of snow will be discussed with respect to their 
affect upon winter animal life. 
Properties of Snow 
If you take a cursory look at snow, it all looks alike. A closer look 
will reveal that snow has properties which vary depending upon the 
physical factors acting upon it. For example, the wind has an abrasive 
effect which causes fragile snowflakes to break apart. These 
snowflake particles will nest more closely together when they come to 
rest. This increases the density of the snow and diminishes the air 
spaces between particles which in turn increases the heat conductiv-
ity of snow. These factors influence the lives of winter plant and 
animal life. 
Pressure from skiing, snowmobiling or other agents compact snow 
changing its hardness. Hardness, in snow, is measured by determin-
ing the number of grams that a square centimeter of snow surface will 
support without collapsing. Hardness gives an indication of the 
weight which can be supported by the snow surface. Dense or com-
pacted snow supports more weight than less dense snow. Research 
indicates that the movement of caribou herds correlate well with the 
hardness of snow cover. In autumn, the tundra becomes covered with 
hard-packed, windblown snow. The caribou are unable to break the 
snow cover to reach food (Fig. 1), as a result they migrate to the 
forested taiga. In the taiga, the snow is soft, light and thin, and 
caribou are able to obtain food. 
Snow cover also acts as insulative blanket. As shown in Fig. 2, the 
temperatures under snow are considerably warmer than the temper-
atures above it. The insulative properties of snow are affected by its 
density. The temperature of the soil beneath loose snow is much 
higher than the temperatures under compacted snow or in exposed 
areas. Snow acts as a blanket protecting the roots of plants and 
providing an insulated cover for animals. Winters with extremely 
cold temperatures and little snow, result in excessive winter kill of 
plants and animals. Snowmobiling also destroys winter snow cover 
for plants and animals. 
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Animals and Snow 
The Russian biologist, Formozov, was the first to recognize the 
behavioral responses of animals to snow. He grouped animals into 
three categories depending upon their response ~o snow: the first 
group, chionophobes, are not adapted to snow and migrate from it. 
The second group, chioneuphores, are tolerant to snow but not highly 
adapted to it. The third group, chionophiles, are highly adapted to 
snow and are native to and permanent residents of Arctic and Antarc-
tic regions. 
Chioneuphores can exist above the snow, or the supra-nivean envi-
ronment, or below the snow, in the sub-nivean environment. The 
varying hare is a supra-nivean animal and has feet resembling snow-
shoes which are adapted for life on the surface of the snow. Moose are 
also supra-nivean organisms and have long stilt-like legs which can 
reach through the snow to the ground, thus keeping their bodies from 
getting bogged down in the snow. Sub-nivean animals such as 
shrews, voles and lemmings bury beneath the snow, since their sur-
face area to volume ratios are large with respect to other species of 
their kind in tropical regions. A large surface area to volume ratio 
promotes greater heat loss than a small ratio. 
Sub-nivean climates are relatively stable due to the insulative 
properties of snow. Air temperatures are fairly uniform (usually just 
below freezing) and the relative humidity remains high. Snow allows 
very little light penetration and sub-nivean habitats are dark. In 
addition, sub-nivean environments are nearly silent in comparison to 
supra-nivean environments due to the absorption of sound by the 
surrounding snow. As a result of breathing, carbon dioxide accumu-
lates in sub-nivean habitats and animals must build "ventilation 
shafts" which can also serve as entrances. 
Through natural selection, winter animals have evolved many 
adaptations to winter conditions. Many winter birds have special 
layers of down to serve as insulation. Other animals develop a layer of 
blubber which is composed of fat which has a very low boiling point. 
Some animals have a specialized arrangement of arteries and veins 
such that the arteries are always in close apposition to veins. As 
warm blood flows from the core of the animal, the heat of the blood is 
transferred to the veins , (Fig. 3), thus returning heat to the interior of 
the body by the Counter Current Principle. 
Animals can also adjust to winter conditions through acclimation. 
Acclimation is the sum of several physiological adjustments which 
accompany repeated and prolonged exposure to cold. Acclimation . is 
temporary, once the external stimulus is removed (in this case the 
cold), normal physiological processes return. Acclimation usually 
occurs over a period of from two to six weeks. Cold acclimation can 
occur in all warm blooded animals, but it does not offer the benefits 
derived from more permanent adaptations. 
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Fig. 3. Heat transfer by counter current. 
The most common acclimation adjustments made by animals to the 
cold are as follows: 
· 1. An increase in food consumption. 
2. An elevation in basic metabolic rate. 
3. An escalation of peripheral and sometimes core temperatures. 
4. Decreased shivering, with increase non-shivering heat produc-
tion. 
5. Other complex physiological and biochemical processes. (Some 
animals form increased amounts of glycerol in their tissues to 
inhibit freezing.) 
Suggested Activities 
There are many classroom activities that can be pursued to demon-
strate and teach the principles discussed in this article, some of them 
are as follows: 
1. Make a list of animals in your area and group them according to 
Formozov's classification. 
2. Make a list of chionophiles (Arctic animals) that have lived in 
your area in the past? Make a list of their winter adaptations. 
3. Make a list of human activities that alter the properties of snow. 
How do these activities affect plant and animal life? 
4. Identify and/or make casts of animal tracks found in the snow. 
5. Take 100 ml, 500 ml and 1000 ml beakers and calculate their 
surface area (top, bottom and sides). Fill each beaker with a 
measured amount of hot water of the same temperature. Mea-
sure the temperature of each beaker at 10 minute intervals, 
making sure you standardize your measurement procedure. 
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Using your recorded data, plot the change in temperature per 
minute on a graph, with time on the horizontal axis and tem-
perature change on the vertical axis. Do this for each beaker. 
What conclusion can be reached concerning surface-to-volume 
ratios and heat loss? Of what importance is this to winter 
animal life? 
6. Measure the temperature of a snow drift at different levels. 
Measure the temperature of soil beneath snow cover and in 
exposed areas. Of what significance is this to plant and animal 
life? 
Conclusion 
Due to various environmental and physical factors, the properties 
of snow cover is constantly changing. With respect to plant and 
animal life the most important snow characteristics concern hard-
ness and insulative properties. Each species of winter animal has 
evolved adaptations to cope with the varying properties of snow 
cover. In addition to natural forces within the environment, man's 
activities can greatly influence the properties of snow cover. Through 
recreational activities, man often affects the winter habitats essen-
tial for the survival of many forms of winter wildlife. 
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* * * 
Snow Words 
Eskimos have at least eleven different words for snow. They need 
to know the exact texture, consistency, wind velocity and wetness 
associated with snow for their survival. 
* * * 
Westinghouse Science Talent Search 
Those teachers desiring information on the Westinghouse Science 
. Talent Search should contact Dr. Gary Downs, Director, Department 
of Education, Iowa State University, Ames, Iowa 50010. 
Last year's winner from Iowa was Lance Johnson of Spirit Lake. 
His topic of inquiry was the Fracture Mechanics of a ·Monofilament 
Whip Operated in a Rotary Cutting Mode. 
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